Abstract Abstract Abstract Abstract AIM: To assess the relationship between severity of gastroesophageal reflux disease and apnea-hypopnea index (AHI) as an indicator of the severity of obstructive sleep apnea.
INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
There is an increasing mass of evidence for a link between the obstructive sleep apnea (OSA) and gastroesophageal reflux disease (GERD). The large negative intrapleural pressure swings during apnea should facilitate reflux events [1] . A further factor to be considered regarding the OSA-GERD relationship is that the diaphragm is connected to lower esophageal sphincter (LES) through the phreno-esophageal ligament (PEL). During apnea the respiratory work of the diaphragm increases extremely. This increased burden affects the cardia through the frequent change of the position of PEL. This leads partly to the loss of the cardia muscle tone [2] . The European Community Respiratory Health Survey published in 2002 noted that GERD development during sleep is an important determinant of the respiratory balance, since it may play a role as an aggravating or causal factor in relation to the nocturnal asthma, chronic cough, recurrent bronchitis and respiratory disorders during sleep [3] . A higher frequency of GER-related symptoms has been found in patients with OSA than in the control subjects [4, 5] . More reflux events could be identified in OSA patients than in controls during one-channel esophageal pH-metry [6] . The number of reflux events could be reduced with nasal continuous positive airway pressure (nCPAP) treatment for both the patients with OSA and GERD [7] [8] [9] . These data suggest that OSA may be a significant cause of GERD.
The influence of the severity of OSA on endoscopic findings in patients with GERD and OSA has not been analyzed yet. MA MA  MA MATERIALS AND METHODS  TERIALS AND METHODS  TERIALS AND METHODS  TERIALS AND METHODS TERIALS AND METHODS Fifty-five patients with proven OSA were referred for upper panendoscopy. Diagnosis of sleep apnea was based on a 12-channel polysomnography (2-channel EEG/ electroencephalography/, EOG/electrooculography/, chin EMG/electromyography/, ECG/electrocardiography/, nasal and oral flow-metry, detection for O2-saturation, pulseoxymetry, detection for thoracic and abdominal movements, phonometry) performed using the Morpheus Medatech system in our sleep lab. All patients underwent upper panendoscopy and were asked about the frequency of typical reflux symptoms. Epworth sleepiness scale (ESS) [10] was completed by patients to measure their daytime sleepiness. The classification of GERD was based on endoscopic findings. We used the conventional Savary-Miller classification of the disease [11] . The patiets' data were collated on an Excel 9.0 worksheet, including the severity grades of GERD (0-4), the apnea-hypopnea index (AHI), the frequency of typical GERD symptoms (heartburn, regurgitation of gastric content, dysphagia, age, gender, the score of ESS and body mass index /BMI/. The patients were divided into two groups according to the severity of sleep apnea [12] : "mild-moderate" (A)-AHI 5-30, n = 27; "severe" (B)-AHI >30, n = 30.
MA

Statistical analysis
In case of continuous and category variables, a nonparametric t test (Mann-Whitney), one way ANOVA test and χ 2 test were used. In the event of dichotomous variables, χ 2 "for trend" test was performed. The relationship between the severity of reflux disease and AHI was analyzed with the help of logistic regression analysis.
We relied on the conventional P<0.05 critical values regarding the statistical tests of the results. We used the SPSS 9 for Windows software package for the statistical procedures.
RESUL RESUL RESUL RESUL RESULTS TS TS TS TS
The total available population covered 57 patients. This population was characterized by an average age of 51.38 years (SD±9.16), a male/female ratio of 2.8:1 (73.7% vs 26.3%) and an average BMI of 34.20 kg/m² (SD±8.79). Using the Savary-Miller definitions, our patients displayed the following distribution alongside the endoscopic categorization of reflux disease: 11 (19.3 %) GERD 0 subjects, 13 (22.8%) GERD I subjects, 20 (35.1%) GERD II subjects, 7 (12.3%) GERD III subjects, and 6 (10.5%) GERD IV subjects (Table 1) . The population mean of AHI used as a direct measure of the severity of sleep apnea was 40.8 (SD±35.18). The patients were divided into two groups according to the severity of sleep apnea: "mild-moderate" (A)-AHI 5-30, n = 27 and "severe" (B)-AHI >30, n = 30. Comparison of clinical data of groups is summarized in Table 2 .
The percentage of female patients was 37% in group A and 16% in B. The BMI was significantly higher in group B than in group A (P = 0.0002). There was no significant difference between two groups in respect of typical reflux symptoms (52% vs 47%), but in 50.5% of the study population these symptoms were negative (poor) according to our determination. When the endoscopic findings of GERD were analyzed, a higher frequency of severe cases was found in group B (P = 0.0001). In group A the incidence of GERD 0 was one-third of the cases, whereas in group B that was only 7%.
We compared the clinical (sleep) parameters and GERrelated symptoms in each grade of GERD (Table 3) . No significant difference was found between grades in respect of age, gender and GER-related symptoms. A positive correlation could be found between the severity of GERD and BMI. A very close connection was demonstrated between the severity of GERD and AHI values and the scores of Epworth scale. 
Table 3
Relationship between the severity of endoscopic findings, clinical parameters and GER-related symptoms
Variable GERD "0" GERD "1" GERD "2" GERD "3" GERD "4" P We could reach essentially similar conclusions on the basis of logistic regressions investigating the severity of endosopic findings and AHI values as indicator of the severity of OSA (Table 4) . This model showed that in case of a high AHI, the presence of severe GERD was 4.09-fold. The weak connection between BMI and the severity of GERD (Table 3) was not significant in this model.
DISCUSSION DISCUSSION DISCUSSION DISCUSSION DISCUSSION
Characteristics of our OSA population were consistent with the patients who were overweight with males in the majority [13] [14] [15] . In this study, the characteristics of GERD and their connection with the severity of OSA were demonstrated. We verified a positive and significant correlation between the severity of OSA and endoscopic findings of GERD with different statistical methods and established that more severe OSA was accompanied with more severe GERD. Indeed, a high frequency of reflux esophagitis (about 80%) in OSA patients was already found in contrast to the general population, however, 40-60% of patients with typical reflux symptoms had no esophageal erosions [16] . Ing et al. [6] performed 24-h esophageal pH-metry in patients with OSA and found more severe reflux parameters in patients with more severe OSA. Even a higher frequency of GER-related symptoms was found in patients with OSA than in the control subjects [4, 5] . In our study, typical and explicit complaints of GERD were also investigated. There was no difference between the two groups, but these symptoms were not significant in 50.5% of our patients. However, we classified the patients according to the endoscopic findings (SavaryMiller) . A close connection was demonstrated between the severity of GERD and the scores of Epworth scale as an indicator of daytime somnolence. It is consistent with our previous results. We found a positive correlation between the body mass index and the degree of sleep apnea, which is also consistent with the reported data.
Even though the ultimate therapeutic solution was the nCPAP treatment in most cases, it appeared that the complementary treatment of GERD is important as well. This view seems to be shared by Foresman who noted that patients suffering from OSA and GERD simultaneously presented a therapeutic challenge. As an illustration of this challenge, Wolf et al. presented a case of a long-term severe GERD patient who was treated with a high dose of omeprasole and antacids. Eventually OSA was identified in the background of this condition, which came into light due to the complaint of daytime somnolence. The nCPAP therapy achieved a significant improvement regarding GERD and other symptoms as well. However, nCPAP could decrease gastroesophageal reflux in patients without OSA by increasing the intra-esophageal pressure [9] . In conclusion, severity of OSA and GERD is probably parallel to each other. A high percentage of patients with fewer and indefinite complaints suggests the role of nocturnal GERD in OSA patients. Severity of OSA is correlated to the endoscopic findings in GERD.
